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Response of seedlings growth of Pinus sylvestriformis to atmos¬ 
pheric C0 2 enrichment in Changbai Mountain 
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Abstract The biomass and ratio of root-shoot of Pinus sylvestriformis seedlings at C0 2 concentration of 
700 pL- L 1 and 500 pL-L _1 were measured using open-top chambers (OTCs) in Changbai Mountain during Jun. 
to Oct. in 1999. The results showed that doubling C0 2 concentration was benefit tb seedling growth of the spe¬ 
cies (500 (iL- L' 1 was better than 700 pL-1_ 1 ) and the biomass production was increased in both above¬ 
ground and underground parts of seedlings. Carbon transformation to roots was evident as rising of C0 2 
concentration. 
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Introduction 

Global change has been one of the important is¬ 
sues and scientists pay close attention to it. The 
great importance of forest ecosystem is reflected not 
only by their huge biomass, but also by their signifi¬ 
cant role in the global carbon balance. How trees 
respond to climatic changes might be of great sig¬ 
nificance. 

Many studies indicate that the rising atmospheric 
C0 2 levels can make a substantial effect on plant 
growth and development. Someone think commonly 
that the rising C0 2 levels can stimulate plant growth 
and biomass production, since photosynthesis of C 3 
plants is not saturated at the present ambient C0 2 
concentration, if other environmental factors are not 
limiting (Schwanz ef a/. 1996). The leaf area may 
become significantly larger (Rogers et al. 1994), 
root-to-shoot ratio changes (Ceulemans & Mousseau, 
1994; Norby & O’Neill 1991), and length and weight 
of stems increase (Bazzaz, 1990) with rising of C0 2 
concentration. 

Changbai Mountain is an important ecological re¬ 
search site for its various natural ecosystems and 
rich gene pool. It has played an important role in 
International Long-Term Ecological Research 
Network (LTER) since 1993. Study on the effects of a 
doubling of C0 2 concentration on the trees growth 
will have great significance for the earth’s energy 
budget and the global carbon balance. 

In this study we chose the seedlings of P. sylves¬ 
triformis to research the growth response to elevated 
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C0 2 concentration by Open-Top Chambers (OTCs). 

Materials and methods 

Study site is located at Changbai Mountain. The 
seeds of P. sylvestriformis were pretreated in spring 
and removed into OTCs in the early May. Using for¬ 
est soil replaced the soil in chambers. The new soil 
depth was about 0.5 m. The fumigation of seedlings 
by C0 2 gas in the chambers started in the middle 
June and stopped at the end of seedlings growing. 

OTCs are a series of boxes composed of glasses 
and frames of structural alloy steel. The thickness of 
glasses is 3 mm and has little influence on luminous 
flux. The size of box is 1.2 m x 0.9 m X 0.9 m. 

Three chambers were adopted in the experiment. 
Of which, two chambers with elevated C0 2 treatment 
were respectively maintained at 700 p L* L' 1 and 500 
p L* L 1 and one chamber with ambient air was used 
to determine effect of thermal radiation. A control site 
with no chamber was set to contrast with the cham¬ 
bers. All of sites were watered daily at 8:00 a.m. and 
3:00 p.m. the water-stressed of seedlings were rarely 
happen except the specific aim needed. 

Results 

Growth changes of seedlings in different seasons 
were shown in Table 1. It included the biomass, car¬ 
bon allocation to above- and under-ground. The bio¬ 
mass is an average value of measurement. Tem¬ 
perature is an average of five days, measured at 6:00 
a.m., 10:00 a.m. 14:00 p.m. and 18:00 p.m. 

In the experimental process, it was found that the 
temperature effect on the growth of seedlings was 
not remarkable. This may be because of that the in¬ 
crease of temperature was not evident. 




208 Response of seedlings growth of Pinus sylvestriformis to atmospheric CO 2 enrichment in Changbai Mountain 


By comparing the biomass of seedlings in the 
chamber with that in the nature field, it was clear that 
the elevated C0 2 concentration increased the growth 
of seedlings (Fig. 1) and the variation of ratio 
root/shoot was evident except that in the initial stage 
of seedlings growing. 


Table 1. Measurements of the biomass of seedling of P. 
sylvestriformis ata doubling of C0 2 concentration 


Samples 

Measured Dry weight 
time /g 

^--- 

Biomass 

Above/under 

Temp. 

IV 

OTC-700 (iL- L 1 

2 Jul. 

0.029 

0.025/0.004 

30.6 

OTC-500 (iL- L' 1 

- 

0.043 

0.035/0.008 

28.9 

OTC-Air 

- 

0.026 

0.020/0.006 

29.8 

Contrast-Air 

- 

0.048 

0.038/0.010 

28.0 

OTC-700 (iL- L-' 

24 Jul. 

0.078 

0.061/0.017 

32.0 

OTC-500 pL-L’ 1 

- 

0.102 

0.080/0.022 

30.0 

OTC-Air 

- 

0.069 

0.056/0.013 

29.5 

Contrast-Air 

- 

0.058 

0.044/0.014 

29.0 

OTC-700 (iL-L' 

25 Aug. 

0.167 

0.127/0.040 


OTC-500 (iL-L' 1 

- 

0.214 

0.155/0.059 


OTC-Air 

- 

0.127 

0.091/0.036 


Contrast-Air 

- 

0.117 

0.083/0.034 


OTC-700 (iL-L 1 

■22 Sep. 

0.244 

0.168/0.076 


OTC-500 (iL-L 1 

- 

0.324 

0.221/0.103 


OTC-Air 

- 

0.180 

0.130/0.050 


Contrast-Air 

- 

0.160 

0.113/0.047 
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Fig. 1. Biomass changes at different 
CO 2 concentration 


Table 2 was woven according to the ratio of un¬ 
derground to total biomass. We could see that the 
carbon transformation to roots was evident as rising 
of C0 2 concentration. 

Table 2. The biomass allocation of seedling at the ele- 


Samples 

July 

% 

Underground/Total 

August 

September 

(%) 

OTC-700 (iL- L ' 

22 

24 

32 

OTC-500|iL- L’ 1 

21 

28 

32 

OTC-Air 

19 

28 

28 

Contrast-Air 

24 

29 

29 


Conclusions 

P. sylvestriformis as an important species in 
Changbai Mountain is sensitive to doubling C0 2 
concentration. Study results showed that doubling 
C0 2 concentration was benefit to seedling growth of 
the species and the biomass production increased in 
both aboveground and underground parts of seed¬ 
lings. Carbon transformation to roots was evident as 
rising of C0 2 concentration. 
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